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OBJECf IVE — Older adults with type 2 diabetes are at high risk of fractures and falls, but the 
effect of glycemic control on these outcomes is unknown. To determine the effect of intensive 
versus standard glycemic control, we assessed fractures and falls as outcomes in the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) randomized trial. 

RESEARCH DESIGN AND METHODS— ACCORD participants were randomized 
to intensive or standard glycemia strategies, with an achieved median A1C of 6.4 and 7.5%, 
respectively. In the ACCORD BONE ancillary study, fractures were assessed at 54 of the 77 
ACCORD clinical sites that included 7,287 of the 10,251 ACCORD participants. At annual visits, 
6,782 participants were asked about falls in the previous year. 

RESULTS — During an average follow-up of 3.8 (SD 1.3) years, 198 of 3,655 participants in the 
intensive glycemia and 189 of 3,632 participants in the standard glycemia group experienced at 
least one nonspine fracture. The average rate of first nonspine fracture was 13.9 and 13.3 per 
1 ,000 person-years in the intensive and standard groups, respectively (hazard ratio 1 .04 [95% CI 
0.86-1.27]). During an average follow-up of 2.0 years, 1,122 of 3,364 intensive- and 1,133 of 
3,418 standard-therapy participants reported at least one fall. The average rate of falls was 60.8 
and 55.3 per 100 person-years in the intensive and standard glycemia groups, respectively (1.10 
[0.84-1.43]). 

CONCLUSIONS — Compared with standard glycemia, intensive glycemia did not increase or 
decrease fracture or fall risk in ACCORD. 
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Older adults with type 2 diabetes are 
at higher risk of fractures but have 
higher bone density compared with 
those without diabetes (1). Falls are more 
frequent in those with diabetes, which may 
contribute to their higher fracture risk 
(2,3). Few studies have examined the effect 
of glycemic control on fractures or falls in 
adults with type 2 diabetes. While better 
glycemic control reduces microvascular 
complications (4-9) and could potentially 
reduce fracture and fall risk (1,4,7-10), as- 
sociated hypoglycemia may increase the 
risk of injurious falls (11). 

The ACCORD (Action to Control 
Cardiovascular Risk in Diabetes) BONE 
ancillary study was designed to determine 
the effect of a strategy of intensive glyce- 
mia therapy on occurrence of fractures 
and falls. ACCORD is a randomized trial 
of cardiovascular outcomes, designed to 
compare an intensive therapeutic strategy 
targeting normal A1C levels (i.e., <6.0%), 
with a standard strategy targeting A1C lev- 
els from 7.0 to 7.9% in a population with 
long-standing type 2 diabetes and a history 
of cardiovascular disease (CVD) or signifi- 
cant cardiovascular risk factors. The design 
and main results have previously been pub- 
lished (12). We report here the effect of the 
intensive, compared with standard, glyce- 
mia therapy on nonspine fractures, height 
change as a surrogate for vertebral fracture, 
falls, and bone mineral density (BMD). 
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RESEARCH DESIGN AND 
METHODS 

ACCORD trial design and 
participants 

The ACCORD trial has previously been 
described (13). In brief, inclusion criteria 
for participants included type 2 diabetes, 
an A1C of 7.5-11%, and an age of 40-79 
years with a history of CVD or an age of 
55-79 years with subclinical evidence of 
CVD or significant risk factors for CVD. Ex- 
clusion criteria included frequent serious 
hypoglycemia, BMI of &45 kg/m 2 , serum 
creatinine >1.5 mg/dL (132.6 Limol/T), or 
other serious illness. The trial included 77 
clinical sites in the U.S. and Canada, grouped 
into seven clinical center networks. 
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ACCORD was a double two-by-two 
factorial, parallel-treatment trial. All eligible 
participants (N = 10,251) were randomly 
assigned to the intensive or standard glyce- 
mia therapy group. Participants were also 
assigned to either the blood pressure or lipid 
trial based on eligibility. In the ACCORD 
blood pressure trial, 4,733 participants 
were randomly assigned to receive inten- 
sive or standard blood pressure control. In 
the ACCORD lipid trial, 5,518 partici- 
pants were randomly assigned to receive 
simvastatin plus fenofibrate or simvastatin 
plus placebo. Randomization of 1,174 
participants occurred during the vanguard 
phase of the trial in 2001-2002. The re- 
maining 9,077 participants were random- 
ized from 1 January 2003 to 29 October 
2005. During the trial, ACCORD achieved 
a median A1C of 6.4 and 7.5% in the in- 
tensive and standard glycemia therapy 
groups, respectively. The intensive glyce- 
mia intervention protocol was stopped in 
February 2008 because of higher all-cause 
mortality in those assigned to this treat- 
ment strategy (12). 

BONE ancillary study design 

Five of the seven clinical center networks 
agreed to participate in the BONE ancil- 
lary study, including 54 of 77 clinical 
sites and 7,287 participants. The BONE 
ancillary study was initiated during the 
main recruitment for the ACCORD trial. 
Beginning in January 2006, at the next 
annual visit participants were asked about 
the occurrence of any nonspine fractures 
since randomization. After the annual 
visit in 2006, participants were asked if 
they had suffered a fracture since their last 
annual visit. Fractures of the lumbar and 
thoracic spine were excluded because of 
the additional burden and difficulty of 
adjudicating such fractures. Reported frac- 
ture events were centrally adjudicated, 
based on radiology records, at the Univer- 
sity of California, San Francisco (UCSF), 
with the adjudicators blinded to treatment 
assignment. A sample of reported events 
was independently adjudicated by a panel 
of experts at two time points during the 
trial for quality assurance. Only confirmed 
nonspine fractures were included in these 
analyses. As per protocol, pathological 
fractures, confirmed as occurring second- 
ary to neoplasm, necrosis, or sepsis, and 
periprosthetic fractures were excluded 
(N = 7). These analyses are limited to con- 
firmed fractures that occurred on or before 
5 February 2008, when the intensive gly- 
cemia intervention was ended. The main 
outcome was all nonspine fractures. Hip, 



proximal humerus, distal forearm, ankle, 
and foot fractures were analyzed individu- 
ally as secondary outcomes. 

Standing height was measured according 
to a standard protocol at baseline and an- 
nual visits on all ACCORD participants. 
Among participants in the BONE ancillary 
study, 6,979 (3,482 intensive and 3,497 
standard glycemia) participants had at least 
one height measurement during follow-up 
and were included in these analyses. 

At each annual visit starting in January 
2006, participants were also asked about 
falling: "In the last 12 months have you 
fallen and landed on the floor or ground, 
or fallen and hit an object like a table or 
stair?" Those who answered "yes" were 
also asked how many times they had fallen 
in the previous 12 months. These analyses 
include results from the annual visits that 
occurred before 5 February 2008, the close 
of the intensive glycemia arm. Of those in the 
BONE ancillary study, 6,782 participants 
answered at least one question about falls. 

At five clinical sites in the Minneap- 
olis, Minnesota, area and five sites in the 
Winston-Salem, North Carolina, area, 
participants were asked to participate in 
the BMD substudy. Recruitment started 
in May 2005 and closed in October 2005, 
when the main trial recruitment was com- 
plete. Dual X-ray absorptiometry (DXA) 
scans of the hip, spine, and whole body 
were obtained at baseline on 130 (63 in- 
tensive and 67 standard glycemia) partici- 
pants. Follow-up DXA scans were obtained 
on 107 (48 intensive and 59 standard 
glycemia) participants at a visit ~2 years 
after randomization, and these partici- 
pants are included in analyses of changes 
in BMD. DXA scans were obtained on 
Hologic fan-beam densitometers at the 
University of Minnesota (4500A) and 
Wake Forest University (Delphi), using 
software versions 9.8 and 12.3, respec- 
tively. Centralized quality assurance was 
provided by UCSF. Spine and whole-body 
phantoms were scanned regularly at both 
sites to assess longitudinal performance. 

Institutional review boards at all par- 
ticipating institutions approved the pro- 
tocol for the ACCORD BONE ancillary 
study, and written informed consent was 
obtained from all participants. 

Statistical methods 

The BONE ancillary study was designed 
to have 80% power to detect a relative 
reduction in risk of all nonspine clinical 
fractures of 22-29%. This was based on 
an estimated total number of fractures be- 
tween 259 and 494, calculated with the 



following assumptions: a rate of clinical 
nonspine fracture among women in the 
standard glycemia therapy group between 
15 and 25 per 1,000 person-years, fracture 
rates for men between 35 and 40% of the 
rates for women of the same age, and an 
average follow-up time of 4.6 years. 

All analyses were by intention to treat 
without regard to adherence. Following 
standard ACCORD procedures, all anal- 
yses adjusted for presence of cardiovas- 
cular disease at baseline, assignment to 
either the blood pressure trial or the lipid 
trial, assignment to the intensive blood 
pressure intervention in the blood pressure 
trial, and assignment to receive fibrate in 
the lipid trial. ACCORD procedures also 
specified tests for interaction between treat- 
ment assignment in the glycemic control 
trial and assignment in the lipid or blood 
pressure trial. Analyses were performed at 
UCSF using SAS version 9. 1 (SAS Institute) 
and, for the outcome of falls, Stata version 
11 (Stata). 

Cox proportional hazards models 
were used to compare nonspine fracture 
risk in the intensive and standard groups; 
only first nonpathologic fractures were 
considered in this analysis. We also com- 
pared treatment effects across strata defined 
by prespecified baseline covariates: sex, age, 
race, BMI, A1C, duration of diabetes, in- 
sulin use, thiazolidinedione use, metformin 
use, sulfonylurea use, and serum creatinine. 
Continuous variables were dichotomized at 
the mean value with the exception of age, at 
65 years, and serum creatinine, at 1 .4 mg/dL, 
the threshold for renal insufficiency. 

Height loss was compared by treat- 
ment assignment using linear mixed 
models with random intercepts and 
slopes. Treatment effects were captured by 
the interaction between treatment assign- 
ment and time. The proportions losing >2 
cm of height during follow-up were com- 
pared using logistic models. This degree 
of height loss is associated with incident 
vertebral fracture with 94% specificity 
but only 28% sensitivity (14). 

Numbers of falls reported at each 
annual visit were compared by treatment 
assignment using a repeated-measures 
negative binomial model, with robust SEs 
to account for clustering of the repeated 
outcomes within participants; the log of 
the length of the reporting period varied 
slightly and was included as an offset. We 
also compared treatment effects across 
strata defined by prespecified baseline co- 
variates (listed above). In addition, we com- 
pared the proportions reporting at least one 
fall in each reporting period using a logistic 
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Table 1 — Baseline characteristics of participants in the ACCORD BONE ancillary study* 





Intensive glycemia therapy 


Standard glycemia therapy 


N 


3,655 


3,632 




Age (years) 


62.5 ± 6.7 


62.6 ± 6.7 




Female 


1,267 (34.7) 


1,251 (34.4) 












Previous cardiovascular event 


1,330 (36.4) 


1,277 (35.2) 




Race/ethnicity 


White 


2,558 (70.0) 


2,564 (70.6) 




Black 


776 (21.2) 


744 (20.5) 




Other 


321 (8.8) 


324 (8.9) 












Insulin 


1,343 (36.7) 


1,401 (38.6) 




Metformin 


2,179 (59.6) 


2,170 (59.7) 




Any sulfonylurea 


1,843 (50.4) 


1,794 (49.4) 




A1C (%) 


Mean 


8.3 ± 1.0 


8.3 ± 1.0 




Median 


8.1 


8.1 




Serum creatinine (mg/dL) 


0.9 ± 0.2 


0.9 ± 0.2 





Data are means ± SD or N (%) unless otherwise indicated. *Fifty-four of 77 clinical sites and 7,287 of 10,251 
participants in the ACCORD trial were included in the ACCORD BONE study. 



model, again with robust SEs to account for 
clustering. A similar approach was used to 
compare those reporting two or more falls 
with those reporting one or none during 
each year. In these models, we flexibly 
modeled the falling rate among controls 
using a three-knot restricted cubic spline. 

A linear model was used to compare 
percent changes in BMD in the intensive 
and standard glycemia groups. These mod- 
els were adjusted for baseline BMD, age, 
sex, race, DXA site (Minneapolis or Wake 
Forest), and baseline thiazolidinedione use, 
in addition to the standard ACCORD ad- 
justment variables identified above (15). 

RESULTS — Table 1 provides baseline 
demographic and clinical data for ACCORD 
BONE participants. Mean (SD) age was 
62.5 (6.7) years, and median duration 
of diabetes was 10 years. A total of 3,655 
participants were assigned to intensive 
glycemia therapy, and 3,632 were as- 
signed to standard glycemia therapy. 

Nonspine fractures 

During an average follow-up of 3.8 (SD 
1.3) years, 198 participants in the inten- 
sive glycemia and 189 participants in the 
standard glycemia group experienced at 
least one nonspine fracture. Of these, 25 
and 24 participants experienced two or 
more fractures in the intensive and stan- 
dard glycemia groups, respectively. The 
rates of first nonspine fracture were 13.9 
per 1,000 person-years in the intensive 
glycemia and 13.3 per 1 ,000 person-years 
in the standard glycemia group (Table 2). 
The most common fracture sites were ankle 
(N = 84 participants), rib (N = 51), proxi- 
mal humerus (N = 48), foot (N = 45), and 
distal forearm (N = 35). Other sites in- 
cluded toe (N = 32 participants), proximal 
tibia/fibula (N = 20), hip (N = 19), elbow 
(N = 19), finger (N = 18), hand (N = 15), 
pelvis (N = 15), and patella (N = 15), with 
smaller numbers at the upper leg, clavicle, 
chest/sternum, tailbone, face, and heel. 

There was no significant effect of in- 
tensive, compared with standard, glycemia 
therapy on the rate of nonspine fractures 
(hazard ratio [HR] 1.04 [95% CI 0.86- 
1.27]) (Supplementary Figure IS). Prespeci- 
fied subgroup analyses revealed significant 
heterogeneity in the effect of intensive gly- 
cemia compared with standard control 
across the four subgroups defined by the 
lipid and blood pressure trial treatments 
(P = 0.003). This was due to interaction 
in the lipid trial between intensive glyce- 
mia and the lipid trial intervention (P = 
0.002). Intensive glycemia, compared with 



standard glycemia, reduced nonspine 
fractures in those assigned to simvastatin 
plus placebo in the lipid trial (0.50 [0.32- 
0.77]) but had no effect on fractures in the 
simvastatin plus fenofibrate group (1.25 
[0.85-1.84]). In the blood pressure trial, 
there were no significant interactions be- 
tween glycemic arm assignment and as- 
signment to intensive blood pressure 
control (P = 0.700). 

Intensive, compared with standard, 
glycemia therapy did not affect the rates of 
hip, proximal humerus, distal forearm, 
ankle, or foot fractures (Table 2). The ef- 
fect of intensive glycemia, compared with 
standard glycemia, on nonspine fractures 
did not differ across prespecified baseline 



characteristics (Supplementary Figure 
2S), including sex (P for interaction = 
0.325), race (white and nonwhite, P = 
0.716), and age (^65 and <65 years, 
P= 0.719). 

Height loss 

Mean annual change in height was —0.17 
and —0.15 cm per year in the intensive 
and standard glycemia groups, respec- 
tively. The rate of height loss did not differ 
between groups (P = 0.573). Height loss 
of >2 cm during ACCORD was experi- 
enced by 678 (19.5%) participants in the 
intensive and 686 (19.6%) participants in 
the standard glycemia group (odds ratio 
[OR] 0.99 [95% CI 0.88-1.11]). 



Table 2 — Effect of intensive compared with standard glycemia therapy on fracture 
risk by fracture site in the ACCORD BONE study (2001-2008) 



Intensive (N = 3,655) Standard (N = 3,632) 







Rate (per 1,000 




Rate (per 1,000 






Fracture site 


N* 


person-years):]: 


N* 


person-years):]: 


HRt 


95% CI 


Nonspine 


198 


13.9 


189 


13.3 


1.04 


0.86-1.27 


Hip 


11 


0.8 


8 


0.6 


1.35 


0.54-3.35 


Ankle 


44 


3.1 


40 


2.8 


1.09 


0.71-1.68 


Foot 


19 


1.3 


26 


1.8 


0.71 


0.39-1.28 


Proximal humerus 


23 


1.6 


25 


1.8 


0.90 


0.51-1.59 


Distal forearm 


21 


1.5 


14 


1.0 


1.50 


0.76-2.95 



* Number of participants with at least one fracture that occurred after randomization and before the close of 
the intensive glycemia intervention in February 2008. tRate of first fracture at specific site. t Adjusted for 
assignment to blood pressure or lipid trial, randomization to blood pressure or lipid intervention, and 
baseline history of CVD. 
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1 2 3 4 5 6 



Year after ACCORD randomization 

N 930 949 1976 1972 2072 2142 1024 1072 356 340 343 325 

Figure 1 — Proportion of participants in the ACCORD BONE study who fell in the previous year 
at each visit (2006-2008) by glycemia therapy group (intensive [Int] or standard [Std]). 



Falls 

The average follow-up for falls was 2.0 
years. In the intensive group, 1,122 of 
3,364 participants and in the standard 
group 1,133 of 3,418 participants reported 
at least one fall during follow-up. The 
average proportion reporting one or more 
falls in any year was 20.8 and 20.9% in the 
intensive and standard control groups, 
respectively (Fig. 1). The average propor- 
tion reporting two or more falls in any 
year was 7.9 and 7.7%. In those aged 
&65 years, the average proportion re- 
porting one or more falls was 19.4 and 
18.5% among men and 24.1 and 25.5% 
among women in the intensive and stan- 
dard control group, respectively. The OR 
for experiencing one or more falls in a 
year, with no falls as the reference group, 
was 0.99 (95% CI 0.91-1.09), comparing 
intensive and standard glycemia. For ex- 
periencing two or more falls, with one or 
no falls as the reference group, the OR 
was 1.02 (0.89-1.18). 

The average rate of falls was 60.8 and 
55.3 per 100 person-years in the intensive 
and standard control groups, respec- 
tively. The rate ratio for falling was 1.10 
(95% CI 0.84-1.43) for intensive versus 
standard glycemic control. The rate ratio 
for falling for intensive compared with 
standard glycemic control did not differ 
by subtrial (blood pressure trial or lipid 
trial) assignment or subtrial intervention. 
There was evidence of interaction by 
baseline age (P = 0.018) (Supplementary 
Figure 3S). In those aged <65 years, the 
rate ratio for falls was 1.27 (0.93-1.73), 
comparing intensive and standard glyce- 
mia, while in those aged £65 years, the 
rate ratio was 0.75 (0.55-1.01). There 
was also evidence of interaction with 
baseline insulin use (P = 0.028). In those 
who did not use insulin at baseline, the 
rate ratio for falls was 0.84 (0.66-1.06), 
comparing those in the intensive and 
standard glycemia groups. In those using 
insulin at baseline, the rate ratio for falls 
was 1.47 (0.97-2.23). There was no evi- 
dence of interaction by sex (P = 0.452) or 
other baseline factors considered. 

Changes in BMD 

Baseline and follow-up DXA scans were 
obtained on 48 intensive and 59 standard 
glycemia therapy participants at follow- 
up, with mean time interval between DXA 
scans of 2.2 years (range 1.9-2.5). Eighty- 
two participants were scanned before the 
close of the intensive glycemia interven- 
tion on 5 February 2008, and 25 partic- 
ipants were scanned shortly afterward. 



The median time from close of the inten- 
sive glycemia intervention to the second 
DXA scan was 14 days (maximum 43 
days). In adjusted models, there were no 
statistically significant differences in BMD 
change for the total hip, femoral neck, 
lumbar spine, or whole body comparing 
the intensive and standard glycemia 
groups, but 95% CIs were wide (Table 3). 

CONCLUSIONS— In this first ran- 
domized trial assessing the effect of in- 
tensive glycemia therapy on fractures and 
falls, we found no statistically significant 
net effect of glycemia treatment strategy 
on occurrence of nonspine fractures, 
height loss, falls, or change in bone density. 
These results provide evidence that inten- 
sive lowering of A1C for several years 
neither increases nor reduces fracture or 
fall risk. Of particular importance, frac- 
ture and fall risks with intensive glycemia 
were not increased in those aged &65 
years. However, modest adverse as well 



as protective effects cannot be ruled out 
with 95% confidence. 

Results from smaller observational 
studies of glycemic control and fracture 
have been mixed. A recent study of 
Japanese men with type 2 diabetes found 
an association between prevalent verte- 
bral fracture, identified with spine films, 
and high A1C (& 9%) levels among men 
who were overweight or obese (16), but 
previous studies reported no association 
between baseline A1C or fasting glucose 
and fracture risk (17-20). A 1-year clini- 
cal trial assessed the effect of improved 
glycemic control on bone density in 50 
patients with type 2 diabetes, aged 60-75 
years, who presented with high A1C (mean 
11.6%) levels. Good metabolic control was 
achieved for all patients within 15 days. 
In both groups, bone density, measured 
as bone mineral content, increased at the 
femoral neck, and osteocalcin, a marker of 
bone turnover, was reduced after 1 year of 
treatment (21). 



Table 3 — Two-year percent change in BMD by glycemia assignment in the 
ACCORD BONE study (2005-2008)* 



BMD site 


Intensive (N = 47) 


Standard (N = 58) 


Intensive -standard 


P 


Total hip 


-1.74 


-1.12 


-0.62 (-3.49 to 2.25) 


0.66 


Femoral neck 


-3.21 


-0.55 


-2.66 (-5.93 to 0.62) 


0.11 


Lumbar spine 


0.55 


-0.62 


1.17 (-2.35 to 4.69) 


0.50 


Whole body 


0.12 


-0.12 


0.24 (-1.41 to 1.89) 


0.77 



Data are mean change (%) or difference (95% CI) unless otherwise indicated. *Adjusted for baseline BMD, 
age, sex, race, DXA site, baseline thiazolidinedione use, assignment to blood pressure or lipid trial, ran- 
domization to blood pressure or lipid intervention, and baseline history of CVD. 
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Observational studies of glycemic con- 
trol and falls have also reported mixed 
results. In one study of older adults with 
diabetes, good control (A1C ^7%) was 
associated with increased fall risk (22), 
but other studies have reported no associ- 
ation between A1C level and falls (23,24). 
Another study among older adults with 
diabetes found that A1C ^6% was associ- 
ated with increased risk of falls but only in 
those using insulin therapy (25). How- 
ever, in ACCORD we found that the in- 
tensive intervention aimed at an A1C 
<6% did not result in more frequent falls 
compared with the standard intervention 
aimed at an A1C of 7.0-7.9%. The age- 
stratified results in ACCORD indicated 
that, if anything, those aged &65 years 
were less susceptible to increased fall risk 
with intensive glycemia than those aged 
<65 years. 

Because intensive glycemic control 
increases hypoglycemic episodes, there 
has been concern that intensive control of 
A1C could contribute to fracture risk 
through increased falls in older adults 
(25). In ACCORD, intensive glycemia was 
associated with increased frequency of 
hypoglycemic episodes (16.2 vs. 5.1%) 
(12,26,27). In spite of this increase, we 
did not observe a higher risk of falls or 
fractures with intensive therapy. 

Previous studies have reported asso- 
ciations in diabetic and broader popula- 
tions between fractures and poor renal 
function (28), peripheral neuropathy 
(18,19,29), and poor vision (20,30). In 
ACCORD, the intensive glycemia therapy 
slowed the progression of diabetic reti- 
nopathy (8). In addition, although two 
composite measures of advanced micro- 
vascular complication scores were not sig- 
nificantly improved by intensive glycemia 
therapy, this treatment strategy did re- 
duce the onset or progression of some 
early microvascular complications, in- 
cluding progression to microalbuminuria 
and macroalbuminuria, worsening of vi- 
sual acuity, and loss of light touch sensa- 
tion (9). However, the favorable effects of 
the intensive glycemic strategy on these 
complications did not translate into a 
short-term reduction in fracture or fall 
risk in ACCORD. 

Weight gain is associated with de- 
creased fracture risk in broader popula- 
tions, although the association is stronger 
at lower body size (31). In ACCORD, 
28% of participants in the intensive group 
gained > 10 kg during the trial compared 
with 14% in the standard group (12). 
However, this weight gain did not result 



in a reduced fracture risk in the intensive 
glycemia group. 

The intensive glycemia group had 
greater exposure to all classes of diabetes 
drugs than the standard group (12). Of par- 
ticular interest for the fracture outcome, 
this included thiazolidinediones, mainly 
rosiglitazone. In the intensive glycemia group, 
92% of participants were prescribed a 
thiazolidinedione compared with 58% in 
the standard glycemia group, and among 
those on thiazolidinediones, daily doses 
were higher in the intensive than the stan- 
dard glycemic treatment group (12). Evi- 
dence from other clinical trials indicates 
that thiazolidinedione use doubles the 
risk of fracture in women, although trials 
have found no effect in men (32). Given 
the frequency of thiazolidinedione use in 
the two arms, we would have expected to 
observe an increased fracture risk in 
women of -20%, or an HR of 1.2, com- 
paring intensive and standard glycemia, 
due to thiazolidinedione use alone if risk 
is indeed doubled with thiazolidinedione 
use. ACCORD BONE was not adequately 
powered to detect a 20% increase in the 
relative rate of fracture, especially in one 
subgroup. In women, the HR for the effect 
of intensive glycemia on nonspine fracture 
was 1.14 (95% CI 0.87-1.50), with a 95% 
CI that is compatible with no effect or with 
an HR of 1.2. The high thiazolidinedione 
exposure in the standard group makes 
it difficult to draw conclusions about 
thiazolidinedione use and fracture risk 
from the comparison of the glycemia groups. 

The interaction identified between 
intensive glycemia therapy and assign- 
ment to the placebo group in the lipid trial 
for the outcome of nonspine fracture was 
unexpected. Plausible reasons for this in- 
teraction are not evident, and it may be due 
to chance. 

Strengths of this study include the 
randomized design, the central adjudica- 
tion of fractures, and the large sample size 
for assessment of fractures and falls. How- 
ever, important limitations must also be 
recognized. The initial identification of 
a possible fracture event relied on self- 
report at annual visits with the possibility 
of under- or overreporting of fractures. 
Completion of annual visits was similar 
between the two glycemia groups, so it is 
unlikely that recall varied by intervention. 
With central adjudication, our specificity 
was likely close to 100%. In this situation, 
nondifferential lack of sensitivity would 
result in reduced power but would not 
bias the effect estimate (33). Our fracture 
outcome did not include fractures of the 



lumbar or thoracic spine by design. As a 
surrogate, we used change in height to in- 
directly assess the effect of intensive glyce- 
mia on vertebral fracture, but this method 
has low sensitivity. Resulting misclassifi- 
cation would tend to attenuate any real 
association. 

The measurement of falls was based 
on self-report at annual visits. Participants 
may have failed to recall and report falls. 
Participants may have had varying inter- 
pretations of what constituted a fall, with 
possible over- and underreporting of falls. 
In broader populations, -30% of older 
adults fall each year, which is somewhat 
higher than the proportion of older par- 
ticipants who reported falling each year in 
ACCORD (19% for men and 25% for 
women) (34). It is possible that inconsis- 
tencies in recall and reporting differed by 
glycemia group. Those who experienced a 
hypoglycemic episode may not have ac- 
curately recalled what happened during 
the episode. This would have led to under- 
reporting of falls in the intensive glycemia 
group and an underestimate of the effect 
of intensive, compared with standard, 
glycemia. In addition, we did not measure 
the consequences of the reported falls and 
therefore do not know whether the rate of 
injurious falls differed by glycemia groups. 
However, one of the most significant inju- 
ries that can result from a fall is a fracture, 
and these were not increased in the inten- 
sive group. 

Our study lacked sufficient power to 
identify differences in risk for specific 
fractures, particularly hip fractures. 
Power to detect differences was also low 
for the BMD substudy. ACCORD enrolled 
few participants aged >79 years, so our 
results may not apply to older age-groups 
that might be more sensitive to the ad- 
verse effects of hypoglycemia. 

The ACCORD trial was designed to 
compare a regimen of intensive glycemia 
with one of standard glycemia. In addition 
to different A1C goals, the two regimens 
differed in other factors that may affect 
fracture risk. This comparison of the net 
effect of intensive glycemia therapy on 
fracture risk answers key questions about 
the safety and efficacy of glycemic control, 
as achieved in ACCORD, with respect to 
the risk of fractures and falls. However, 
questions remain regarding the indepen- 
dent effects of achieved glycemic control, 
microvascular complications, diabetes 
medications, and hypoglycemia on these 
outcomes. Additional analyses will be un- 
dertaken in the future to help determine 
the separate effects of these factors. 
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Given the higher mortality associated 
with the intensive glycemia strategy, this 
regimen is not recommended for diabetic 
patients (12). However, improved glyce- 
mic control continues to be an important 
treatment goal. In this context, the results 
of ACCORD BONE provide reassurance 
that lower A1C can be achieved in older 
adults without increasing the risk of frac- 
tures or falls. Although the intensive ther- 
apy group experienced more hypoglycemic 
episodes, this did not result in an in- 
creased fracture or fall risk. On the other 
hand, these results indicate that achiev- 
ing lower A1C for several years is not suf- 
ficient to reduce these risks in diabetic 
patients. As with older adults in general, 
fracture and fall risk assessment and im- 
plementation of specific measures for os- 
teoporosis prevention and treatment are 
needed in this population (35-37). In con- 
clusion, compared with standard glycemia, 
intensive glycemia treatment that achieved 
a median A1C of 6.4% had no net effect 
on risk of nonspine fractures or falls in 
older adults with long-standing type 2 
diabetes. 
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